tion about the oxidation state of the Venusian surface that can be obtained from spectral reflectance measurements in the visible and near-infrared regions of the spectrum. Determination of the oxidation state of the surface of Venus, which is strongly dependent on the redox condition of the lower atmosphere, would help resolve broader questions concerning the current surface environment and buffer reactions that may occur between atmosphere and surface. In particular, an oxidized surface could act as the required sink for oxygen associated with the hypothesized early high abundance of water on Venus (1).
The redox conditions for the surface of Venus, however, are not well constrained. The data for the chemistry of the lower atmosphere provide different estimates for the near-surface partial pressures of 02 and CO. Estimates have been made from extrapolation of the apparent nonequilibrium mixtures of 02 and CO detected above the 30-km level by the Venera 13 and 14 gas chromatographs (2) and the Pioneer Venus mass spectrometer (3). On the basis of the kinetics of reactions with surface material, however, these nonequilibrium estimates are not expected to be stable in the near-surface environment (4). On the other hand, the "Kontrast" experiment on the Venera 13 and 14 landers provided evidence of a CObearing, reducing environment (5). It is currently unknown which of these conditions accurately describes the surface of Venus.
From the Venera x-ray spectrometer data (6) the surface at the Venera 13, Venera 14, and VEGA 2 sites is known to be basaltic in general composition. Oxide abundances were estimated to be as follows: FeO, 8.8 to 9.3%; SiO2, 45.1 to 48.7%; MgO, 8.1 to 11.5%; A1203, 15.8 to 17.9%; CaO, 7.1 to 10.3%; TiO2, 0.2 to 1.6%; and SO3, 0.9 to 4.7%. The mineralogy of surface material should be influenced by the local redox conditions; conversely, the oxidation-reduction conditions of the surface environment can be determined indirectly if the surface mineralogy can be identified. The discussion below focuses on the distinction between the oxidized ferric and the relatively reduced ferrous compounds commonly found in basaltic material. Their spectral properties in the visible and near-infrared distinguish these compounds.
Ferric oxides have the following spectral characteristics (7, 8): (i) very low reflectance (-5%) from the ultraviolet into the visible; (ii) a relatively sharp absorption edge between 0.5 and 0.6 pxm with a strong increase in reflectance toward longer wavelengths (for example, for hematite, <5% reflectance at 0.5 pxm, 30% at 0.75 urm, and up to 80% at 1.2 rtm); and (iii) weaker absorption bands near 0.64 and 0.85 Vxm. The absorption edge characteristic of the ferric oxides is attributed to strong charge transfer transitions in the ultraviolet between overlapping orbitals of iron and oxygen as well as crystalfield electronic transition bands of ferric iron (8, 9). These features of ferric oxides account for their distinct red coloration and can be seen (Fig. IA) in the spectrum for the ferric oxide hematite and spectra of altered or weathered basaltic material ("maroon" and "red" cinders). Identification of a ferric component in martian soils, for example, is based on such an absorption edge that is observed in remotely obtained spectra (10) . Ferrous minerals, on the other hand, are either opaque throughout the visible (for example, magnetite and ilmenite) or exhibit a more gradual increase in reflectance from the ultraviolet through the visible (for example, most iron-bearing silicates such as pyroxenes and olivines). These characteristics can be seen in the Fig. IA spectra of unaltered basalt and "black" cinders.
The spectral properties of ferrous and ferric minerals have been studied by numerous investigators because iron-bearing compounds are among the most common minerals encountered in terrestrial, lunar, and meteoritic materials. Although the characteristics of the surface of Venus (which contains about 9% FeO) would be expected to be sensitive to the iron-bearing compounds present, inferences based on this assumption must be used with caution. Currently no evidence is available for or against unusual or perhaps unique compounds existing on the Venusian surface.
Two types of spectrophotometric data are available for the surface of Venus: (i) multispectral images obtained for three channels in the visible by the Venera 13 and 14 landers (11); and (ii) wide-angle photometer measurements for five channels through the visible to about 1.0 pxm obtained by Venera 9 and 10 (12). Although both types are discussed here, initial analyses concentrated on the multispectral images because they contain spatial information that would allow the relations between different materials on the surface to be examined. This information is particularly important if metastable chemical weathering phases were to occur as rinds or varnishes on rock surfaces. It was suspected that if ferric oxides are present on the surface of Venus in material roughly similar to oxidized terrestrial basalts, the primary absorption edge of ferric oxides should be readily detectable in the Venera 13 and 14 multispectral images, and the surface rocks would appear distinctly red.
The Venera 13 and 14 landers each had two scanning cameras located on opposite sides of the spacecraft (11). In an imaging sequence the camera scanned from horizon to center (near vertical) to horizon. Each camera was capable of obtaining images in a blue (B), a green (G), and a red (R) channel; the half-power bandwidths are centered approximately at 0.44, 0.54, and 0.63 Izm, respectively, with a bandwidth of about 80 nm, although atmospheric absorption affects the effective wavelength appreciably. Radiation that reaches the surface in the visible wavelengths is diffuse. No useful signal was detected by the blue channel because of the efficient removal of blue and ultraviolet radiation by the atmosphere. Data were obtained successfully from all cameras, and results of the imaging experiment have been published (11) .
A version of the first color panorama images produced from the raw data for the Venera 13 site (11) is shown in Fig. 2  (upper panel) . Almost no signal was recorded in the blue channel for all cameras. The distinctive orange hue of the diffuse radiation present at the surface of Venus (11) dominates the resulting color image in Fig.   2 (upper panel) and masks the true color of surface materials in the scene. In order to examine the color of rocks and soil, corrections must be made for the spectral character of the incident radiation.
The digital image data were analyzed further to extract spectral information from the lander panorama and to produce color pictures of the scene as it would appear with "white-light" illumination. Four steps required for this calibration are summarized here and will be described elsewhere (13) . First, the raw data were transformed from an approximately logarithmic brightness scale to a linear scale by using the published average instrument response curve for the detectors (11). Second, spectral calibration used brightness values of test charts and color chips included within the field of view of each camera. The spectral characteristics of the color chips measured before the mission in the laboratory at 500?C were found to be significantly different from room-temperature measurements (11). The "gray" chips included in the color chart and on the spacecraft, however, were still gray at high temperature (equal reflectance in the red and green channels). This information was used to calibrate the red and green channels of the color image data by scaling the green image data so that values for the gray chip are equal in the red and green channels. Third, to achieve color balance in the resulting color image, an artificial channel of blue data was created by linear extrapolation from the red and green channels (B = 2G -R), and again was scaled to keep the intensities for the gray chip equal. For this procedure it is assumed that the effective wavelengths of the red, green, and blue channels of the reproducing systems (film or color monitor) are separated by approximately equal In summary, analysis of the Venera 13 multispectral images shows the rocks and soil of the Venusian surface to be dark and without significant spectral contrast in the visible portion of the spectrum. These data agree with previous values of spectral reflectance measured in the visible by the Venera 9 and 10 wide-angle photometers. Since laboratory reflectance measurements of basaltic materials at high temperature indicate that both ferric-and ferrous-bearing materials are without strong color at visible wavelengths, resolution of the oxidation state of iron in the basaltic materials of the Venusian surface requires additional information at longer wavelengths. Reflectance data for the surface of Venus in the near-infrared from the Venera 9 and 10 wide-angle photometers indicate an increase in reflectance beyond about 0.7 Ijm. At the surface temperatures of Venus, common ferrous basaltic material does not exhibit an increase in reflectance in the near-infrared, whereas basaltic materials that contain significant ferric components, such as hematite, have an absorption edge in the near-infrared and exhibit such an increase in reflectance at longer wavelengths. The comparison of laboratory data with the Venera 9 and 10 spectra thus suggests that oxidized materials exist on the surface of Venus. This may indicate a distinctly oxidizing environment for the surface of Venus.
If an atmospheric composition similar to that of the troposphere is assumed for the near surface [CO2, 96.4% by volume; CO, To explore the possible climatic consequences of high CO2 concentrations in the early atmosphere, we made a series of calculations using a one-dimensional radiativeconvective climate model. The primary goal of these calculations was to determine whether a runaway greenhouse could have occurred on the early earth. A runaway greenhouse is here defined as an atmosphere in which water is present entirely as steam or clouds; no oceans or lakes are present at the surface. We concern ourselves only with times subsequent to the accretion period, when the earth was heated solely by absorption of solar radiation. The possibility of a runaway greenhouse during accretion will be considered elsewhere. A second purpose of this study was to determine the stability of a high CO2 primitive atmosphere against water loss through photodissociation of water vapor followed by escape of hydrogen to space. An understanding of this latter question is needed in order to estimate the earth's initial water inventory and to predict the oxidation state of the early atmosphere. An interesting by-product of our calculation is an estimate of the stability of the earth's current atmosphere to large CO2 increases.
The radiative-convective model employed here is based on one used in previous studies of the earth's climate system (8, 9). It has, however, been updated to include new absorption coefficients for H20 and CO2 (10) along with a self-consistent calculation of solar energy deposition (11). The band model coefficients used to define gaseous lations using a one-dimensional radiativeconvective climate model. The primary goal of these calculations was to determine whether a runaway greenhouse could have occurred on the early earth. A runaway greenhouse is here defined as an atmosphere in which water is present entirely as steam or clouds; no oceans or lakes are present at the surface. We concern ourselves only with times subsequent to the accretion period, when the earth was heated solely by absorption of solar radiation. The possibility of a runaway greenhouse during accretion will be considered elsewhere. A second purpose of this study was to determine the stability of a high CO2 primitive atmosphere against water loss through photodissociation of water vapor followed by escape of hydrogen to space. An understanding of this latter question is needed in order to estimate the earth's initial water inventory and to predict the oxidation state of the early atmosphere. An interesting by-product of our calculation is an estimate of the stability of the earth's current atmosphere to large CO2 increases.
The radiative-convective model employed here is based on one used in previous studies of the earth's climate system (8, 9). It has, however, been updated to include new absorption coefficients for H20 and CO2 (10) along with a self-consistent calculation of solar energy deposition (11). The band model coefficients used to define gaseous 12 DECEMBER 1986 12 DECEMBER 1986 absorption were derived for pressures of 0.1 and 1 bar; calculated transmission functions are not expected to be accurate at higher pressures. This should have little effect on our results, since the dominant mode of energy transport at these higher pressures is convection.
The most important physical assumptions made in the model are related to our treatment of tropospheric lapse rate, relative
